The symmetry known as CP is a fundamental relation between matter and antimatter. The discovery of its violation by Christenson, Cronin, Fitch, and Turlay (1964) has given us important insights into the structure of particle interactions and into why the Universe appears to contain more matter than antimatter.
antimatter.
In 1928, Paul Dirac predicted that every particle has a corresponding antiparticle. If the particle has quantum numbers, such as electric charge, the antiparticle will have opposite quantum numbers. Thus, an electron, with charge −|e|, has as its antiparticle a positron, with charge +|e| and the same mass and spin. Some neutral particles, such as the photon, the quantum of radiation, are their own antiparticles. Others, like the neutron, have distinct antiparticles; the neutron carries a quantum number known as baryon number B = 1, and the antineutron has B = -1. (The prefix bary-is Greek for heavy.) The operation of charge reversal, or C, carries a particle into its antiparticle.
Many equations of physics are invariant under the C operation; that is, they do not change their form, and, consequently, one cannot tell whether one lives in a world made of matter or one made of antimatter. Many equations are also invariant under two other important symmetries: space reflection, or parity, denoted by P, which reverses the direction of all spatial coordinates, and time reversal, denoted by T, which reverses the arrow of time. By observing systems governed by these equations, we cannot tell whether our world is reflected in a mirror or in which direction its clock is running. Maxwell's equations of electromagnetism and the equations of classical mechanics, for example, are all invariant separately under C, P, and T.
Originally it was thought that all elementary particle interactions were unchanged by C, P, and T individually. In 1957, however, it was discovered that a certain class known as the weak interactions (for example, those governing the decay of the neutron) were not invariant under P or C. However, they appeared to be invariant under the product CP and also under T. (Invariance under the product CPT is a very general feature of elementary particle theories.) Thus, it was thought that one could not distinguish between our world and a mirrorreflected world made of antimatter, or our world and one in which clocks ran backward.
Murray Gell-Mann and Abraham Pais (1955) used an argument based on C invariance (recast in 1957 in terms of CP invariance) to discuss the production and decay of a particle known as the neutral K meson, or K 0 . This particle, according to a theory by Gell-Mann and Kazuo Nishijima, carried a quantum number called strangeness, with S(K 0 ) = +1, and so there should exist a neutral anti-K meson, called K 0 , with S(K 0 ) = -1. The theory demanded that strangeness be conserved in K-meson production but violated in its decay.
Both the K 0 and the K 0 should be able to decay to a pair of π mesons (e.g.,
. How, then, would one tell them apart?
Gell-Mann and Pais solved this problem by applying a basic idea of quantum is mainly CP-even, while the K L is mainly CP-odd. Within any of the current interaction theories, which conserve the product CPT, the violation of CP invariance then also implies T-invariance violation, which has been confirmed by further experiments on neutral K mesons.
Shortly after CP violation was detected, Andrei Sakharov (1967) proposed that it was a key ingredient in understanding why the Universe is composed of more matter than antimatter. Another ingredient in his theory was the need for baryon number (the quantum number possessed by neutrons and protons)
to be violated, implying that the proton should not live forever. The search for proton decay is an ongoing topic of current experiments.
CP violation can also occur in quantum chromodynamics (QCD), the theory of the strong interactions, through solutions which violate both P and T.
However, this form of CP violation appears to be extremely feeble, less than a part in ten billion; otherwise it would have contributed to detectable effects such as electric dipole moments of neutrons and electrons. It is not known why this form of CP violation is so weak; proposed solutions to the puzzle include the existence of a light neutral particle known as the axion.
The leading theory of CP violation was posed by Makoto Kobayashi and Toshihide Maskawa (1973) . 
